Clk-1 deficiency induces apoptosis associated with mitochondrial dysfunction in mouse embryos.
Clk-1 gene encodes demethoxyubiquinone hydroxylase that catalyzes the production of coenzyme Q (CoQ) in mitochondria. Clk-1-deficient mice that lack CoQ fail to survive beyond the embryonic day 10.5 (E10.5). However, the relationship between the clk-1-deficiency and embryonic lethality remains unclear. We show in this study that TUNEL-positive cells are frequently observed in whole bodies of clk-1-deficient mouse embryos at E10.5. In addition, dissociated cells from the embryos exhibited characteristic features of apoptosis, such as externalization of phosphatidylserine on the plasma membrane, caspase-3 activation, and the release of cytochrome c from mitochondria into the cytoplasm, as the first sign of mitochondria-mediated apoptosis. In embryonic cells, the mitochondrial functions such as maintenance of the mitochondrial membrane potential and intracellular ATP level were impaired. Since exogenous CoQ10 rescued the mitochondrial dysfunction and suppressed apoptosis in clk-1-deficient cells, we propose that clk-1-deficiency induces apoptosis associated with mitochondrial dysfunction due to a lack of CoQ, which may lead to embryonic lethality in mice around E10.5.